Objective: Problem list data is a driving force for many beneficial clinical tools, yet these data remain underutilized. We performed a systematic literature review, pulling insights from previous research, aggregating insights into themes, and distilling themes into actionable advice. We sought to learn what changes we could make to existing applications, to the clinical workflow, and to clinicians' perceptions that would improve problem list utilization and increase the prevalence of problems data in the electronic medical record. Materials and Methods: We followed Preferred Reporting Items for Systematic Reviews and MetaAnalyses guidelines to systematically curate a corpus of pertinent articles. We performed a thematic analysis, looking for interesting excerpts and ideas. By aggregating excerpts from many authors, we gained broader, more inclusive insights into what makes a good problem list and what factors are conducive to its success. Results: Analysis led to a list of 7 benefits of using the problem list, 15 aspects critical to problem list success, and knowledge to help inform policy development, such as consensus on what belongs on the problem list, who should maintain the problem list, and when. Conclusions: A list of suggestions is made on ways in which the problem list can be improved to increase utilization by clinicians. There is also a need for standard measurements of the problem list, so that lists can be measured, compared, and discussed with rigor and a common vocabulary.
into themes, and distilling themes into actionable advice. Ultimately, we sought to learn what changes we could make to existing applications, to the clinical workflow, and to clinicians' perceptions.
BACKGROUND AND SIGNIFICANCE
Medical records aid clinicians in their primary duty of caring for patients. Maintaining accurate problem lists helps clinicians track patient status, to avoid omissions in care and organize clinical reasoning and documentation. 3, 21, 22 This is just as useful for a first-time patient visit as it is when there are long gaps between patient visits. 23, 24 Maintaining a complete record of each patient's issues is expected of clinicians, not simply for billing and research or legal requirements, but because it is clinically useful for them to do so. 3 However, as work pressures mount, thoroughness and order of record-keeping often are the first casualties. 25 Increasing haphazardness can lead to overlooked and underdocumented patient issues, especially since there is no clearly defined criteria describing the minimally required content to document. 25 These documentation issues persist because medical practice lacks a true system of care. 26 These shortcomings have led to inaccurate, incomplete, and outof-date problem lists. 27 Thirty to 50% of the time, important chronic conditions are omitted from a patient's problem list. 3, 28, 29 This may be due to disagreement about what actually belongs on a problem list. 7 Governing bodies do not agree on an accepted definition of the problem list, [30] [31] [32] [33] [34] [35] [36] [37] [38] leaving the decision to individual clinicians. This leads to inappropriate items being added to problem lists, such as "narcotics contract," "Jehovah's Witness," 3 and "med refill." 39 For those who wish to utilize the problem list to its fullest, there is no consensus about what types of problems belong on the list. Should they add acute or chronic problems, family history, or social problems? 7 There is also no consensus about the ideal time to update the problem list. Should the problem list be updated in real time, allowing evidence-based guidelines and decision support to be leveraged, or at the conclusion of a visit or admission, omitting intermediate differential diagnoses and focusing instead on only the discharge diagnoses, or long after the patient visit, meeting only the billing deadline for an encounter diagnosis? Problem granularity is also an issue. Is it best to add cardiomegaly, edema, hepatomegaly, and shortness of breath as 4 separate problems on the list, or to enter the cohesive problem of cardiac failure, which encapsulates all 4 problems? 25 Is it sufficient for a clinician to add a problem of "broken arm," or should "fracture of right distal ulna" be added?
The question of who is responsible for maintaining the problem list is also left unanswered. 40 Primary care providers generally do a better job of maintaining more accurate problem lists, 41 but specialists and hospitalists often reap benefits from the maintained lists. 3 Absent a policy of ownership, many clinicians opt to leave lists as is, ultimately leading to out-of-date problems. Recent shifts toward team-based care, such as medical homes and accountable care organizations, are pushing better record-keeping to the forefront. 13 These shifts may help clinicians realize that a wellmaintained problem list enables them to deliver better patient care.
MATERIALS AND METHODS
To obtain a broad overview and consensus of opinion on problem lists, including their use, content, and positive and negative aspects, we gathered information from decade's worth of published literature on the subject. We followed Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 42 to curate a corpus of pertinent articles. We then performed a thematic analysis, 43 treating each article that met our inclusion criteria as a transcript from an interview, looking for interesting excerpts and ideas. By aggregating these excerpts from many authors, we gained broader, more inclusive insights into what makes a good problem list, and what factors are conducive to its success.
Data sources
We favored sensitivity over specificity, and searched as broad a range of sources as possible-specifically: PubMed, Scopus, and the Cumulative Index to Nursing and Allied Health Literature from the beginning of time up to March 10, 2016. We searched using permutations of these terms: problem list, problem-oriented medical record, problem-oriented record, problem-oriented charting, problem summary list, problem-oriented patient record, problem-oriented system, and weed system. Results were limited to human subjects. All of the search results were downloaded in BibTeX format and imported into EndNote X7. Once all the search results were stored in EndNote, the exclusion criteria were applied.
Inclusion and exclusion criteria
We used the broad Centers for Medicare and Medicaid Services Meaningful Use guidelines 44 to define a problem list as "a list of current and active diagnoses as well as past diagnoses relevant to the current care of the patient." The problem-oriented medical record 45 is a higher standard that many modern systems do not meet; it requires notes, orders, and medications to be linked to a diagnosis. We favored the less stringent problem list definition over the problem-oriented medical record definition when necessary. All article types were included, since we performed a thematic analysis intended to identify aspects critical to success. Articles were excluded if they were duplicates from other sources, not in English (or not transcribed into English), or not primarily related to the problem list as defined above. Even if an article discussed problem lists prominently, it was typically excluded if its main purpose was to circumvent usage of the problem list, such as automatically adding to the problem list using natural language processing or clinical decision support techniques.
Articles that pertained mostly to narrow medical specialties were also excluded, since they could have specialized workflows that did not account for broader aspects of patient health. Articles were later excluded during the data analysis phase if their content did not contribute to one of the themes reported (see Data analysis section). Because the thematic analysis of such a large corpus could result in many dozens of themes, and because we were looking for larger, generally agreeable themes, a theme was removed from consideration unless it had at least 10 different sources corroborating a similar concept.
Study selection
Titles and abstracts from retrieved references were reviewed to determine if they met inclusion criteria. In cases where the focus of the article was unclear from the title and abstract, the entire paper was retrieved and read until it was evident. This was completed by a single reviewer (CMH).
Data extraction
It was clear from the onset that most articles discussing problem lists would not report quantitative metrics. We thus departed from PRISMA after the corpus was amassed, and instead analyzed the qualitative content using thematic analysis, which is based on Grounded Theory. 46 We extracted general information from each article, such as setting and design type, but were primarily interested in the qualitative statements from the authors themselves: conclusions, insights, and interesting thoughts pertaining to the problem list. For this phase, we filled out a template text document for each included article. Our overarching research questions were simple: What are the best practices for using a problem list? and What are suggestions for ways to improve the success of the problem list?
Data analysis
All included articles were read and annotated, and we believe that saturation was achieved due to repeating ideas and concepts from the corpus. The content of each article's extracted notes was aggregated into larger research question documents, without attribution. Attribution was stripped out during aggregation because it was important to have all ideas treated equally, regardless of author, journal, or year published. Next, we used an inductive method of coding the aggregate content into basic codes, letting the content guide formation of the codes rather than any of our preconceived notions. An open coding approach was taken, and was conducted by a single reviewer (CMH). This led us to a list of several succinct codes, with all pertinent content listed under those codes.
Finally, larger themes were sought from the codes. These themes were meant to identify broader meaning from the data. In this phase, snippets were re-attributed, so a distinct count of articles per theme could be determined. If a code did not advance a meaningful theme, it was discarded. If a theme did not have at least 10 corroborating sources, it was discarded. Thus, even though an article might have met all the inclusion criteria and helped guide formation of the codes and themes, it may have been excluded simply by not addressing a theme of shared interest.
RESULTS
The literature search returned a total of 7132 unique references; 6284 articles were excluded based on relevance after screening of title and abstract. We reviewed the remaining 848 full-text articles, of which 110 met the criteria for inclusion (see Figure 1 ).
With this corpus, the first question we wanted to answer was: What benefits have been listed by past authors for clinicians who use the problem list? If we can convince a clinician that there is value in using the problem list, then this effort has been well spent.
Benefits of using problem list
We used thematic analysis to build a list of all reasons authors cite for using the problem list. We looked for any phrases that mentioned benefits they received or reasons they believed an up-to-date problem list is worth the effort. Those snippets were then stratified into like-kind groups, and then organized into themes, shown in Table 1 .
The unused problem list
Although there are many benefits to using the problem list, there are also reasons why clinicians choose not to maintain it. Common reasons are duplicate problems, old problems, cluttered problem lists, disagreement about what belongs on the problem list, and a lack of perceived value from using the problem list. 21, 28, 41, 57 However, after reading the included literature, there did not appear to be a single agreed-upon reason that would explain clinician reluctance toward the problem list. For this reason, we looked for a more encompassing rationale. The many reasons authors listed for why the problem list was not used can be grouped under one theme explained by the "social fence" theory put forth by Platt et al. 103, 104 A social fence is described as an individual hesitating or avoiding a task, which in turn leads to a loss for an entire group. Because the benefits of using the problem list may accrue to a downstream user of the problem list, there is little reward for diligent maintenance.
Aspects critical to success
We saved snippets of text that related to problem list best practices and suggestions on how the problem list could be improved. These snippets were sorted into like-kind categories. Emergent themes are listed in Table 2 . Some concepts apply to multiple themes.
Policy
Evidence suggests that one reason problem lists are not used effectively is simply because there is no standard agreement among clinicians on how they should be used. When sorting the related snippets into this theme, it became clear that a policy should address the following points at a minimum: what types of problems belong on the problem list, who is responsible for maintaining the list, and when the list should be updated. Several other snippets indicated that it is important to address the patient's role in maintaining the list, as well as the specificity of problems on the list. The following sections explore these points in more detail. What belongs on the problem list? According to Wright, there is considerable disagreement about what types of problems belong on the problem list. 3 Weed himself never clearly defined what a "problem" was, merely stating that problems were "aspects of the patient's condition which need attention." 25, 117 Many articles relating to problem lists focus on a specific aspect of use at a single facility. However, by aggregating the ideas from many peer-reviewed articles, we gained insight into how various writers have defined problem lists. For Table 3 , a list of problem types was generated using inductive logic. While many articles implied the types of problems they allowed on their problem lists, only those that stated them explicitly were included in this table.
Who should maintain the problem list? Most articles implied that physicians were the sole maintainers of problem lists. However, only those that stated it explicitly were included. Table 4 does not suggest that a maintainer is the sole person to maintain, only that he or she can or should. In fact, there is strong evidence that the entire multidisciplinary team should take ownership. 14, 22, 23, 47, 50, 52, 55, 57, 58, 65, 69, 72, 77, 82, 91, 99, 110, 112, 119 When should the problem list be updated?
Many articles describe what should be on the problem list, few describe who should update the problem list, and a rare few make mention of when the problem list should be updated. There were some implied time frames, but only explicit statements were included. For instance, several articles suggested that clinical decision support rules should fire to prompt clinicians to update the problem list. However, it was not specified when these rules triggered, so they were excluded. Since so few articles matched criteria for these themes, the inclusion threshold was lowered to just 2.
DISCUSSION
Problem lists themselves are not complicated; they just live in a complicated ecosystem. As such, minor software changes will never be enough to satisfy all clinicians' needs. Instead, a multifaceted approach must be taken, which includes all stakeholders and touches on all the necessary aspects of finance, legal, policy, regulation, patient outcomes, care coordination, and clinician workflow.
To address these aspects, the following list of suggestions for improvements to the problem list has been compiled:
Linking clinical data such as imaging, labs, procedures, and medication orders to a diagnosis on the problem list can be enforced in the computerized physician order entry system. However, linking one diagnosis to another to show sequelae relationships is harder to enforce, yet that depiction is important to convey the current clinical thinking. Reviewing problem lists during rounds, looking specifically for these interrelationships, and updating the list to document these relationships would help ensure an accurate clinical story. 2. Forcing clinicians to use coded terms is unpopular, even after converting to physician-friendly display text. The ability for clinicians to add free-text concepts to the problem list is essential, because not all concepts will be coded, or a clinician may refer to a concept differently. A feedback mechanism may help by identifying free-text entered problems, alerting the terminology team to either add the term to the dictionary or suggest possible equivalent coded concepts, and accept that term into the patient's problem list, replacing the free-text entry. 7, 29, 111 3. In order to receive the full benefits of automated decision support, clinicians must receive clinical decision support systems (CDSS) output while they are face-to-face with patients. As clinicians interact with the system by entering new problems, the rules engine is able to assimilate those data and make suggestions for the patients' benefit. Other methods, such as natural language processing, that process results asynchronously can circumvent that real-time interaction, giving results in a delayed manner, 20 of lower quality, 93, 102, 111 and for reasons not even related to patient care. 50 4. Using problem lists during rounds as a mentoring method is a strong motivator for student use of the problem list. However, nonstudents will need other reasons to use the problem list. One possibility is to show stats every month that list each clinician's score for using it and patient outcomes. This may ignite healthy competition among clinicians. Alternatively, highlight success cases that occur from clinicians using the problem list, such as saved time when seeing a new patient or new CDSS alerts that are enabled because of these data. 5. Zhou suggests an idea that may resolve the specificity issue. He states that the dictionary used to code problems should link Clinicians need to be trained on the organization's policy and expectations of how to use the problem list. Clinicians also need to know how the problem list data will be used downstream, so they can understand its importance. Clinicians should be using the problem list in rounds as a way to evaluate students' understanding of patients' health, and as a way to understand individual clinician performance and outcomes. differing levels of granularity of the same problems together: "diagnoses should be coded and should provide a hierarchy so that generalists can pick higher-level codes (eg, 'heart disease') whereas specialists could select more granular codes (eg, 'double outlet right ventricle,' a subset of 'heart disease')." 77 Then, when using the application, there could be a "'slider' to adjust the level of granularity as needed, based on the clinical hierarchies, for the clinician reviewing the list," 77 which would work similarly when aggregating data for reports and research. 6. The goal of views is to reduce clutter, making it easier for clinicians to find content of interest. Klann and Schadow 39 suggest a method that would improve this process by "gradually 'fading out' problems with little remaining information value."
Drury agrees, noting that processes could "automatically close acute problems using an automated algorithm." 108 7. When formulating a policy for an organization, it would be beneficial to discuss how the problem list should be used, so there is no confusion about who is responsible in a given situation. Knowing organizational expectations, such as checking a patient's problem list prior to each office visit or during rounds, is helpful to set the culture. If the problem list is used as a measure of clinician assessment or compliance, or as an indicator of clinical practice guideline adherence to reduce practice variation, or as a source of downstream research, this needs to be stated explicitly, so team members can understand and embrace problem list usage, especially in a teaching environment. 
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Financial incentives Early phases of adoption may require financial incentives until it has become a part of the culture. This may be in the form of pay-for-performance goals or direct financial incentives. However, this might also take the form of tangential incentives, such as linkages to improve clinician billing, higher patient throughput via improved workflow, or decreased readmission rates. Clinicians also respond to financial disincentives, such as lower reimbursement rates or penalty payments. Error status 14, 29, 87, 107, 115 Signs/symptoms 3, 7, 13, 14, 23, 25, 39, 40, 47, 55, 57, 58, 61, 63, 74, 76, 77, 83, 87, [91] [92] [93] 99, 110, 112, 115, 116, 119, 121, 123, 136 31 Findings 6, 13, 14, 23, 25, 29, 47, 58, 60, 61, 63, 74, 84, 85, 89, 99, 110, 114, 116, 121, 122, 134 22 Social history 3, 6, 7, 14, 22, 25, 29, [48] [49] [50] 52, 57, 77, 80, 83, 99, 121, 123, 126, 135, 137 21 Procedures 3, 7, 13, 14, 29, 48, 50, 52, 55, 57, 74, 95, 117, 121, 135 15 Differential diagnosis 23, 25, 29, 63, 66, 74, 77, 84, 93, 109, 117, 123, 130 13 Mental health 6, 7, 14, 25, 48, 50, 52, 57, 71, 77, 82, 121, 137 13 Sequelae 20, 29, 39, 55, 60, 65, 67, 93, 97, 109, 112, 116, 117 13 Nursing diagnoses/NP 14, 22, 29, 47, 48, 50, 55, 57, 97, 110, 112, 138 12 Family history 3, 7, 13, 25, 29, 40, 49, 55, 57, 69 10 Events 6, 7, 14, 29, 50, 57, 69, 135 Just as important as a policy regarding what content belongs on the problem list is a policy about what should not be on the list. Policy about not duplicating existing problems already on the list but instead updating older content will help ensure that the problem list does not become cluttered with unresolved duplicate entries. Additionally, the policy should note that the problem list should only be used for clinical treatment and not adulterated with financial or billing data, 50, 52, 69, 111, 127 or with quick freetext reminders that do not affect patient care. 8. Bayegan suggests that the clinician's workflow could be improved if the system could be aware of what the clinician is trying to do at any given moment. 49 The system could then make problem list entry available from other components, such as during documentation. When the system notices that a clinician is writing patient notes, it could quickly highlight narrative content that may indicate a problem, and allow the clinician to add it to the problem list with a single click from the documentation module. 29 9. When displaying search results to the clinician, one way to reduce the results set and to help enforce proper workflow is to hide any search matches that are already active on the problem list. This will remind the clinician to first resolve the existing problem before adding a new instance of it. Alternatively, problems that are already active on the problem list can be highlighted in the search results, alerting the clinician to potential duplicates. If selected, the system could automatically resolve the existing problem, if appropriate, before adding a new instance of the problem. 29 10. Receiving data from multiple care disciplines adds breadth to the problem list, providing a broader view of the patient's current health status. This would enable a deeper understanding of the comparative effectiveness of treatments and provide a richer database for more intricate CDSS logic. 112 11. To help clinicians feel comfortable adding sensitive problems to the problem list, they could check a flag to mark a problem as sensitive. A sensitive problem could be hidden from patientfacing portals, insurance companies, or other clinicians, depending on organizational policies/preferences. 7, 77, 93 12. Longitudinally orienting the problem list does not mean that problems cannot also be linked to a specific encounter. When adding a new problem to the list, a specified encounter can be linked, or the most recent encounter can be defaulted to reduce data entry time. This will still allow problems to be analyzed for administrative purposes. 13. It may be prudent to phase in the financial incentives, "focus[ing] on a population of high utilizers with 'ambulatory sensitive conditions.'" 84 By starting with a group of clinicians who are likely to see the most benefit from using the problem list, success can accrue. This gives the organization time to learn from that group's experience before rolling out incentive plans to a larger audience, and also allows time for clinical champions to emerge, providing additional evidence of the problem list's worth in subsequent rollouts. 14. The face-to-face mode of reviewing the patient's problem list is the most meaningful, and also takes the most clinician time. As a solution, Gensinger states, "Subjective data can be recorded by the patient . . . before . . . brought back to the room to interact with the physician. New problems or concerns can be recorded by the nursing staff in the assessment section (eg, shortness of breath, cough, fatigue) which would then generate the workflow of necessary clinical data to be captured." 110 Wright agrees, noting that it would be beneficial for "patients to suggest problem list changes through a pre-visit form." 71 This would allow the limited time the clinician has to interact with the patient to be more focused on pertinent problems. 15. Embedding expectations from upper leadership is part of solidifying problem list usage in a culture. However, top-down mandates will not be enough to create a self-sustaining mentality that sees the benefits of the problem list. It will also be important for bottom-up grass-roots initiatives to take hold. By empowering clinicians to suggest improvements to the workflow, to problem list functionality, and to organizational policy and incentives, they will feel a sense of ownership.
99

LIMITATIONS
The major limitation of this study is its subjective nature and the use of a single reviewer. When annotating all 110 articles to determine what content was applicable to the thematic analysis and when sorting snippets into themes, different reviewers may have focused on different content and reached different conclusions. This limitation was mitigated by aggregating ideas across all included articles and only discussing those with the most frequent mentions. By doing this, it is reasonable to conclude that other reviewers may have arrived at similar themes. In fact, just as this paper was about to be submitted, we came across another article 139 that was published after our original inclusion date range that shows very similar themes, giving further validity to our methods and results. Another limitation is that by focusing on the most heavily mentioned ideas, less common, more unique ideas may have been overlooked. Although unique ideas without much corroboration were excluded, we kept some of those ideas for use in the Discussion section as potential solutions to common problems.
CONCLUSION
The list of the 15 aspects critical to success that were identified in this paper focus on how the problem list should be used, the content that belongs on the list, and policies that enable these practices to be adhered to. Additionally, it is notable that there is no standard measurement for conveying improvements in the problem list. It is nearly impossible to know whether a change to a problem list intervention is positive or negative, making it impossible to measure the impact of that intervention or have a common vocabulary with which to discuss such impact.
This study has identified many ways to improve problem list maintenance, through either system improvements or promises of future rewards for doing so, or simply through mandates. However, the ultimate reason is, and should always be, because it will improve patient care.
